Refueling Strategies – All Sectors
	Emission

Reduction

Strategy
	Description
	HC

(%)
	PM (%)
	NOx

(%)
	Costs
	Nonroad

Verified?
	Benefits
	Issues

	Ultra-low

sulfur diesel

fuel (ULSD)

(15 ppm

cap)

Low sulfur

diesel (LSD)

(500 ppm

cap)

ARB on​
road diesel

(150 ppm

cap)
	Switching to

cleaner diesel

fuel with

lower sulfur

content for

PM reduction
	
	5% ULSD

(when

compared

with LSD);

9% ULSD

(when

compared

to

unregulated

nonroad

fuel)
	
	ULSD

3-20+

cents/gal

over

current

on-

highway

LSD
	LSD

required in

2007;

ULSD in

2010,

except

marine

and

locomotive
	1. SO2 and PM reduced

2. Retrofit devices enhanced

3. Lower sulfur fuels have cleaning

effect on engines which extends oil

change intervals and reduces

maintenance costs

4. Does not require equipment

changes or modification

5. Relatively easy to adapt

6. Most popular/viable among ports

7. Low sulfur diesel mandated for

nonroad, C1, C2 marine, and

locomotive in 2007. ULSD

required for nonroad (2010),

locomotive and marine (2012)

8. Used for marine vessels, dockside

equipment, construction

equipment, trucks

9. Widely used in demonstration

projects
	1. Not widely available in

certain areas of country

2. Incremental increase in fuel

and delivery costs

3. Some reports of fuel pump

issues on older engines

4. May need to recondition

some older engines

	Emulsified

diesel
	Water and

additives

mixed with

fuel to lower

combustion

temperatures.

Additives

prevent water

from

contacting

engine
	
	20-50
	5-30
	10-20+

cents/gal

more
	Yes
	EPA and ARB verified for dockside

ports equipment, construction

equipment and trucks.
	1. May reduce engine power

2. Increases fuel consumption

3. Availability

4. Cold weather operation may

be compromised.

5. Special fuel storage

requirements (needs

periodic in-tank mixing)

6. Early concerns with

compromised engine

durability

	Biodiesel
	Renewable

Fuel meeting ASTM spec

6751) made

from

vegetable

oils/animal

fats
	20-

30
	2-10
	0-2

Increase (w/ B20)
	5-20

cents/ gallon
	Yes
	1. Reduces PM, CO, HC

2. Various blends available: B20 is

     20% biodiesel, 80% diesel.

3. Verified for trucks
	1. May increase NOx

2. B100 not recommended for 

    cold weather operation


Retrofit Technology - Construction (and Ports) Sectors
	Emission

Reduction

Strategy
	Description
	HC

(%)
	PM

(%)
	NOx

(%)
	Costs 33
	Fuel

Requirements
	On-road/

Nonroad

Verified
	Benefits
	Issues

	Diesel

Particulate

Filters (DPFs)
	A passive filter-

honeycomb device

placed within the

exhaust stream that

physically traps and

oxidizes PM; can be

combined with NOx

retrofit technologies

for NOx reductions.
	50-95
	85+
	---
	$5,000-

$10,000
	ULSD
	Yes / Yes
	1. Reduce HC, CO, and

PM (including ultrafine

particulate)

2. Reduce smoke and

odor

3. Passive filters verified

for dockside

equipment and

construction

equipment, trucks

4. Typically a direct

replacement for the

current muffler
	1. Passive filters

require specific

exhaust temperature

profiles and

appropriate duty

cycles to work

properly.

2. Filters require

maintenance

depending on duty

cycle

3. Passive filters must

be operated with

ULSD

	Flow-Through
	A flow-through filter
	50-95
	30-60+
	---
	$5,000-
	500 ppm sulfur;
	Yes / No
	1. Reduce HC, CO, and
	1. Lower PM control

	Filters
	does not physically
	
	
	
	$7,000
	some may
	
	PM
	compared to DPF

	
	“trap” and

accumulate PM, but

instead exhaust

flows through a

medium that has a

high density of

torturous flow

channels, giving rise

to turbulent flow

conditions
	
	
	
	
	require ULSD
	
	2. Reduce smoke and

odor

3. No maintenance when

applied per guidelines

4. May be more

applicable to nonroad

engines than DPFs

because much less

likely to plug under

unfavorable

conditions
	2. May have

application

guidelines around

operating

temperatures


33 Costs are based on on-road experience and are expected to be in the same range for similarly-sized nonroad engines.

Retrofit Technology - Construction (and Ports) Sectors 
(cont’)
	Emission
	Description
	HC
	PM
	NOx
	Costs 33
	Fuel
	On-road/
	Benefits
	Issues

	Reduction

Strategy
	
	(%)
	(%)
	(%)
	
	Requirements
	Nonroad

Verified
	
	

	Diesel
	Devices that oxidize
	50-90
	25-50
	---
	$500-
	LSD
	Yes / Yes
	1. Reduce HC, CO, and
	1. Works better with

	Oxidation

Catalysts

(DOCs)
	PM and HC. Can be

bolted onto exhaust,

or direct muffler

replacement; can be

coupled with other

retrofit technologies

for additional PM

and/or NOx

reductions.
	
	
	
	$2,000
	
	
	PM

2. Reduce odor

3. Established record in

both highway sector

and nonroad

applications (in use

for over 35 years)

4. Requires no continual

maintenance

5. Verified for dockside

equipment and

construction

equipment, trucks
	lower sulfur diesel

(less than 350 ppm);

works best with

ULSD

	Selective
	System injects urea
	80
	20-30
	~80
	$12,000
	LSD preferred
	Yes / Yes
	1. High NOx reductions
	1. Requires periodic

	Catalytic
	(or ammonia) into
	
	variable
	
	to
	
	
	2. PM reduced additional
	refilling of

	Reduction
	exhaust stream and
	
	see
	
	$15,000
	
	
	25% with a DOC; and
	ammonia/urea tank

	(SCR)
	reacts this mixture

over a catalyst to
	
	benefits
	
	(w/DOC)
	
	
	up to 85% with a DPF

and ULSD
	2. Requires urea

supply infrastructure

	
	reduce NOx

emissions. Can be
	
	
	
	$15,000

to
	
	
	
	3. Commonly used in

stationary

	
	used in conjunction

with DOC or DPF.
	
	
	
	$20,000

(w/ DPF)
	
	
	
	applications (power

plants), recently

adapted to vehicles

4. Potential safety

concerns for

ammonia reductant

	Lean NOx
	Injects diesel fuel
	---
	10-20
	5-30
	$15,000-
	LSD preferred
	Yes / No
	Reduce NOx
	Can increase fuel

	Catalysts

(LNCs)
	into exhaust stream

and reacts this
	
	(w/

DOC);
	
	$20,000
	
	
	
	usage by 5-7%

	
	mixture over a

catalyst to reduce

NOx emissions.

Verified LNCs

always paired with

DOC or DPF.
	
	85+ (w/

DPF)
	
	
	
	
	
	


Retrofit Technology - Construction (and Ports) Sectors
(cont’)
	Emission

Reduction

Strategy
	Description
	HC

(%)
	PM

(%)
	NOx

(%)
	Costs 33
	Fuel

Requirements
	On-road/

Nonroad

Verified
	Benefits
	Issues

	Exhaust Gas

Recirculation

(EGR) with a

DPF
	Recirculates engine

exhaust back to

engine to cool peak

combustion

temperatures and

reduce NOx; paired

with DPF
	~80%
	85+
	40-50
	$18,000-

$20,000
	ULSD
	Yes / No
	Reduces NOx and PM
	The feasibility of low​

pressure EGR is more

of an issue with

nonroad equipment

than on-road

equipment (i.e., more

difficult to cool the

exhaust).

	Closed

Crankcase

Ventilation

(CCV)
	Directs engine’s

blow-by gases (NOx,

HC, and toxics) to

intake system for

recombustion

instead of polluting

environment. PM

collected in filter,

removed from

crankcase vapors;

can be paired with

other emission

control strategies
	---
	5-10
	---
	$450-

$700
	LSD
	Yes / Yes
	1. Reduces PM

2. Effective strategy for

reducing in-cabin PM

exposure
	1. Requires periodic

change of a

disposable filter (i.e.,

at every oil change)

with some designs

2. Engine compartment

space constraints for

some applications

	Idle

Reduction

Technologies
	Devices prevent

operators from idling

for long periods.

Can include shut-off

devices or auxiliary

power units (APUs).
	Varies
	Varies

by
technology
	None
	No / No
	1. Reduce NOx, PM,

CO, HC

2. Some devices pay for

themselves in a short

time through fuel

savings

3. Can save wear and

tear on engines and

reduce maintenance

costs

4. Can be used in for

locomotives
	1. Additional cost and

complexity

2. Additional weight of

auxiliary power unit

(APU)

3. Potential space

constraints


Operational Strategies for Construction (and Ports) Sectors

	Emission Reduction

Strategy
	Description
	Emission

Reductions

(Benefits)
	Estimated

Costs
	Benefits
	Issues

	Gate efficiencies
	Gate appointments

systems with web​

based access allow

carriers to pickup/drop-off when they want.

WebAccess customers

update and view data

on 24/7 basis
	
	
	1. Truck idle reduction

2. Allows 240 gate

transactions/hr vs. manually

(improve 84% efficiency)

3. gate process expedited

4. eliminates trouble

transactions

5. Allows customers to “pre​

gate” or be alerted for

advance pickup/drop off.


	1. Education

2. No consistent

methodology for

calculating turn times that

considers truck wait times

and idling outside the

gate(s).

	E-Modal logistics,

scheduling and

appointments
	Use of IT for

scheduling operations

such as cargo

pickup/drop-off to

improve port efficiency
	
	
	1. Efficiency in flow of goods

2. Reduces trouble transactions

3. Reduces idling and

congestion

4. Currently done in New

Orleans
	1. Cost of software

2. Education of logistics and

software

	Substitute rail (e.g.

"on-dock"), barge or

short sea shipping

instead

of trucking where

feasible
	Compared to trucking,

barge and rail

emissions can be low if

the barge or locomotive

is new or has been

retrofitted or

repowered. 
Reduces

congestion.


	
	
	1. Reduce NOx, PM, CO, HC

2. more cargo can fit on rail,

barge, or ships


	


Repair/Rebuild Considerations
Engines that are properly maintained and tuned perform better and typically emit less pollution than engines that are not properly maintained.  Proper maintenance or rebuilding lowers emissions by burning fuel more efficiently and can reduce operation costs and extend engine life.

The following is a list of maintenance issues to consider:
· Restricted air filters
· Improper engine timing
· Clogged, worn or mismatched fuel injectors
· Faulty fuel injection pumps
· Defective or misadjusted puff limiters
· Low air box pressure
· Improperly adjusted valve lash or governors
· Malfunctioning turbo chargers and after-coolers Maladjusted fuel racks
· Defective air fuel controllers Poor fuel quality
· Improper driving gear
· Air intake manifold leaks
Repower Options
	Emission

Reduction

Strategy
	Description
	Emission

Reductions

(Benefits)
	Costs
	Fuel

Requirements
	Benefits
	Issues

	Repower with

newer, cleaner

diesel engine
	Removing an

older engine and

replacing with a

newer cleaner

engine
	Variable,

depending upon

“Tier level” of old

engine cf “Tier

level” of new

engine
	
	Up to 2008, diesel

fuel quality

independent; for

2008+, ULSD
	1. Reduces NOx, PM, HC, CO

2. For marine vessels (aux. and

propulsion engines),

construction and dockside

equipment, trucks, rail
	1. May pose technical issues –

need to consult original

engine or equipment

manufacturer

	Repower with

alternatively

fueled engine
	Remove older

diesel engine and

replace with an

alternatively

fueled engine
	Variable,

depending upon

“Tier level” of old

engine cf spec

(fuel type, etc.) of

new engine
	
	Alt fuel
	1.Reduces PM &/or NOx

2.For marine vessels,

construction, dockside, trucks, rail
	1.Cost for fuel and conversion

2.May require fuel

infrastructure (e.g., CNG)

	Replace a

nonroad engine

with hwy engine

manufactured to

stricter

standards
	Substitute a

highway engine

for a comparable

model year or

older nonroad

engine
	
	
	Up to 2007, LSD;

for 2007+, ULSD
	1. Reduce NOx, PM, HC, CO

2. For yard tractors and cargo

handling equipment that have

duty cycles similar to highway

engines are good candidates
	1.Requires highway grade fuel


Equipment Replacement Options for the Construction (and Ports) Sectors

	Emission

Reduction

Strategy
	Description
	Emission

Reductions

(Benefits)
	Costs
	Fuel

Requirements
	Benefits
	Issues

	Replacing older

diesel equipment

with newer diesel

equipment
	Replacing older

vessels,

equipment, trucks

and switchers with

ones that are

newer and cleaner.
	
	
	Up to 2008,

diesel fuel quality

independent; for

2008+, ULSD
	1. Typically, NOx, PM, HC, CO reduced

2. Marine vessels, construction and

dockside equipment, trucks and rail

3. Turnover of equipment allows for

replacement

4. Most cost effective when uncontrolled

engines are replaced such as pre-1984

trucks or pre-1996 nonroad equipment

5. Typically benefits in fuel efficiency,

reliability, warranty and maintenance

costs.
	Cost

	Replacing nonroad

equipment with new

models equipped

with certified on-

road engines
	Highway equipment

is cleaner than

nonroad equipment

in comparable

model years.

Therefore

specifying highway

engines in yard

trucks and

applicable landside

equipment reduces

emissions.
	
	
	
	1. Typically, NOx, PM, HC, CO reduced

2. Dockside equipment such as yard

tractors that have duty cycles similar to

highway engines.

3. Can save money through significant (up

to 20%) fuel savings and come with

additional safety features.

4. Port of NY & NJ container terminal

tenants are doing this
	Applies to

specific

conditions

	Replacing diesel

equipment with

electric, hybrid or

alternative fuel

equipment (LNG,

CNG, propane)
	Can replace diesels

with those with

utilizing hybrid

technology or

alternative fuels.
	
	
	
	1. Typically, NOx, PM, HC, CO reduced

2. Marine vessels, construction and

dockside equipment, trucks and rail

3. Examples include hybrid switcher

locomotives, electric cranes, LNG or LPG

yard tractors, forklifts or loaders.
	1. Natural gas

replacements

may require

fueling

infrastructure.

2. Cost for fuel

and hybrid
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